everal studies have linked diabetes mellitus with an increased risk of bone fractures. Patients with type 1 diabetes have lower bone mineral density and patients with type 2 diabetes have an increased risk of fracture despite normal or high bone mineral density, measured by dual energy x-ray absorptiometry. Different mechanisms have been proposed in the pathophysiology of bone disease in diabetic patients. The mechanisms involved include microvasculature changes, advanced glycation end products accumulation, and altered osteoblast-osteoclast function with increased sclerostin, decreased insulin-like growth factor 1 (IGF1), decreased osteocalcin, and other molecular alterations, leading to a decrease in bone turnover and altered bone quality. Other factors, such as increased risk of falls related to diabetic neuropathy and diabetic retinopathy have also been proposed. Different diagnostic methods have been described for the study of bone disease in patients with diabetes, due to the lack of correlation between bone mineral density measured by dual x-ray absorptiometry and the fracture risk in this group of patients. These methods include the evaluation of bone turnover markers, the FRAX score, the trabecular bone score, and the evaluation of microarchitecture with high-resolution peripheral quantitative tomography. This editorial provides a short overview of the underlying mechanisms between diabetes mellitus and osteoporosis, and the diagnostic methods used to evaluate these patients.
Diabetes mellitus has been associated with decreased bone quality and higher risk of fractures in several studies. [1] [2] [3] Patients with type 1 diabetes have lower bone mineral density and patients with type 2 diabetes have an increased risk of fracture despite normal or high bone mineral density, measured by dual energy x-ray absorptiometry. 1, 4, 5 While some studies have shown an increased risk of vertebral fracture in patients with diabetes, others have found the same risk in patients with and without diabetes. [1] [2] [3] 6 The exact mechanism of bone disease in diabetes is not clear. [7] [8] [9] Several studies have found very complex mechanisms that range from the cellular level, with molecular alterations in cell signaling that alter the bone turnover, to changes in the microarchitecture and microvascular quality of bone. [8] [9] [10] [11] Other factors that contribute to the increased fracture risk include complications of diabetes, such as diabetic retinopathy, diabetic neuropathy, increased risk of falls, and antidiabetic drugs. 10, 11 One of the main factors involved in the pathophysiology of bone disease in patients with type 1 diabetes is the absolute absence of insulin. Insulin has an anabolic effect on the bone; therefore, the absence of insulin results in lower bone formation rates and lower peak bone mass during growth. 11 A recent systematic review found that lower insulin-like growth factor 1 (IGF1) levels in patients with type 1 diabetes seem to be responsible for the decrease in bone turnover. 10 However, bone turnover markers do not seem to differ from that of control patients, with markers such as 25-hydroxyvitamin D, carboxyterminal propeptide type I, procollagen, type I collagen, and cross linked carboxy-terminal telopeptide. In type 1 diabetes evidence is conflicting, but it would seem that low bone turnover is a multifactorial and may be related to other factors like diabetes stage, diabetes complications, age, medications and gender. 10 Reni at al. they found that, in both in vivo and in vitro experiments, there is increased osteoclast activation trigged by hypoxia and metabolic acidosis, and mediated by reduced receptor activator of nuclear factor kappa-Β ligand (RANKL) levels and an increase in osteoprotegerin (OPG), leading to a reduction in the RANKL/OPG ratio. 12 This study concluded metabolic acidosis is an important factor that triggers osteoclast activation in type 1 diabetic patients. At the molecular level, advanced glycation end products (AGEs), like pentosidine, produced from increase glucose exposure in tissues, seems to be an important mechanism. In vitro studies have shown that AGEs suppress mineralization by inducing transforming growth factor-beta (TGF-β) activity, inhibition of osteoblast differentiation, and mineralization of osteoblastic cells. 7 A decrease in bone formation has been proposed as an additional factor for bone disease in type 2 diabetes. 11 Lower levels of bone formation markers, such as the amino-terminal propeptide of type I collagen and osteocalcin have been found in diabetic patients, as well as markers of bone reabsorption such as cross linked carboxy-terminal telopeptide of type I collagen. 11 Sclerostin, a WNT signaling pathway inhibitor, is higher in diabetic patients and seems to be responsible for low bone formation in this group of patients. 10 This produces a state of low bone turnover that results in bone microdamage, altering bone quality. The reason for the lower bone resorption is not well understood, but seems to be responsible for the bone mineral density alterations found in patients with type 2 diabetes. 11 Decreases in IGF1 and osteocalcin seem to be factors that, when associated with high levels of sclerostin, contribute to the reduction of bone turnover in type 2 diabetic patients. 10 Diabetes is an independent risk factor for osteoporosis related fractures.
Risk fracture assessment tools, such as FRAX, underestimate fracture risk in diabetic patients. 13 Other tools, such as the trabecular bone score, have shown to improve discrimination of patients with poor bone quality despite normal bone mineral density measured by dual energy x-ray absorptiometry. 14 Two studies used high-resolution computed tomography imaging to evaluate bone quality. 15, 16 They found that patients with type 2 diabetes have higher trabecular bone mineral density, with increased cortical porosity. This is probably due to microvascular disease in the bone. These changes can produce alterations in bone mineral density values measured by standard techniques, despite an increased risk in bone fracture.
Available evidence shows a clear association between diabetes and impaired bone quality that predisposes to fractures. More studies are needed to clarify the most important mechanisms in the pathophysiology of bone quality deterioration in these patients and to determine the best option for the diagnosis of bone fragility in diabetic patients.
